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Evidence for algebraic tails of probability
distributions in laboratory-scale turbulence
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A Hutle apprecioted generie feature of canonical cascade processes is that in general
there will be a eritical order of divergence gy such that: Prie;
for g > yp. Empiricai studies of the divergence of moments in atmospheric turbulence
have yielded ¢p == 2.4 in the horizontal dircction and g ¢ = 5 in the vertical direction.
We experimentally verify the divergence of moments using well-controlled luboratory
scale measurements. We aaalyzed uctive grid ward twnnel wrbulent velocity data at a
Reynolds number of Ry = 582, approaching those of the atmosphere (= 107 — 10%), The
tails of both probabitity distributions of JAU,| = U (x} — U (x 4+ r)} display a distinctive
power-law distribution. with absolute slopes of 5.4 and 7.7, respectively. This is con-
firmed from the compensated probability distributions by the il exponent gy, The
observed power law tails in the probability distribution of velocity differences at {R sep-
avations imply that moments of velocity differences will diverge toc orders greater than
72 7.7, Since the energy flux € depeuds on the cube of velocity differences at IR spac-
ings. moments of the eonergy fux will diverge for orders greater than ¢ p =~ 7.7/3 = 2.6.
The experimental results are thus consistent both qualitatively and quantitatively with
the log-Levy multifractal model for an intermitient energy cascade, which theovetically
predicts the divergence of higher-order statistical moments. Furthermore. the algebraic
distribution of probabilities of velocity ditferences at DR separations indicate that mo-
ments will diverge for orders greater than = 5.4, lower by a factor of 3/2 than for IR
separations. This is consistent with the fact that the energy dissipation rate at small
scales, scales as the square of velocity differences, rather than the cube. Thus the em-
pirical cstimate ¢p ~ 5.4/2 &= 2.7, agrees within experimental scatter with the g p for
the energy flux.
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